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. Introduction

It is well known that buildings are responsible for around 40%
f primary energy consumption in developed countries and for
0–40% in developing countries [1]. In the construction of new
uildings or in case of refurbishment of existing ones, the use of heat
xchangers between exhaust and fresh air streams can provide rel-
vant energy savings, reducing both heating and cooling load [2,3].
n particular, interest in enthalpy wheels is increasing due to sen-
ible and latent heat recovery capability, low pressure drops and
igh effectiveness.

An enthalpy wheel consists of a cylindrical rotating device made
f rolled-up corrugated sheets of metallic material (such as alu-
inium), in order to get a great number of parallel channels with
typical sinusoidal or triangular cross sectional geometry (Fig. 1).
he metallic substrate is coated with a sorption material, such as
ilica gel, activated alumina, molecular sieve or calcium carbonate,
hich is able to adsorb water vapour. Two air streams pass through

he cross section area of the device: typically the outside fresh air
tream, referred to as supply air, and the exhaust one, which is the

eturn air flow from the building. A purge sector between exhaust
nd process air streams can be used to reduce contamination of the
resh air flow.

∗ Corresponding author. Tel.: +39 0223993823; fax: +39 0223993913.
E-mail address: stefano.deantonellis@polimi.it (S. De Antonellis).
Heat and moisture are transferred from the former air stream to
the wheel matrix and then from the matrix to the latter air stream.
For a given enthalpy wheel, operating parameters such as revo-
lution speed, supply and exhaust air temperature, humidity and
velocity, influence the behaviour of the component.

When energy analysis of buildings and HVAC systems is carried
out, enthalpy wheel performance should be properly evaluated. A
simplified approach is often used in literature: sensible and latent
effectiveness are assumed constant or are determined by linear
interpolation of values at different air flows [4,5]. In spite of its sim-
plicity, it may lead to improper performance evaluation because
these terms are not constant over a wide range of working con-
ditions. For this reason several works are available in literature in
order to properly predict the behaviour of enthalpy wheels.

Many detailed models have been developed, solving heat and
mass transfer equations [6–10]. This approach is particularly suit-
able to design enthalpy wheels and analyse its performance, but it
requires high calculation time because a system of partial differ-
ential equations should be solved. Although studies to simplify the
set of governing equations have been already proposed [11–14],
correlation based approach would be certainly more suitable for
energy simulation tools since it is faster and more effective than
the previous one.
Rabah et al. [15] tested a commercial sensible heat wheel, with
supply air temperature ranging from 40 ◦C to 70 ◦C, providing effec-
tiveness correlations based on Kays and London [16] equations.
These working conditions are interesting for desiccant evaporative

http://crossmark.crossref.org/dialog/?doi=10.1016/j.enbuild.2014.08.001&domain=pdf
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Nomenclature

ac channel height [mm]
A area [m2]
A, B. . .N test set
bc channel base [mm]
D diameter [m]
cp moist air specific heat [J kg−1 K−1]
C1,2. . .10 correlation parameters
D1,2 duct
EW1 enthalpy wheel no. 1
EW2 enthalpy wheel no. 2
L enthalpy wheel length [m]
ṁ mass flow rate [kg s−1]
n1,2,3 correlation exponents [−]
N revolution speed [rev min−1]
NTU number of transfer units [−]
p pressure [Pa]
Q̇ heat transfer rate [W]
R ratio between the minimum and maximum inlet air

velocity times air density [−]
T temperature [◦C]
UA overall heat transfer conductance times surface area

[W K−1]
uε effectiveness uncertainty [−]
uxi uncertainty of a generic measured parameter [◦C, Pa

or %]
uxi,inst instrument uncertainty of a generic measured

parameter [◦C, Pa or %]
v face velocity [m s−1]
xi generic measured parameter [◦C, Pa or %]
X humidity ratio [kgv kgda

−1]

Greek symbols
˛, ˇ effectiveness correction terms [−]
ϕ relative humidity [%]
�p pressure drop [Pa]
ε effectiveness [−]
� water latent heat of vaporization [J kg−1]
� density [kg m−3]
� cinematic viscosity [m2 s−1]

Subscripts
a air
ave average
d distributed pressure drop
EW enthalpy wheel
ea exhaust air
h hub
in inlet
l local pressure drop
L latent
o outer
op orifice plate
out outlet
S sensible
sa supply air
tot total

c
o

r

since the experimental facility has been designed to test not only
enthalpy but also desiccant wheels: in this case air flow across the
wheel can be set unbalanced, which is quite a common condition
especially at high regeneration temperatures.

Table 1
Sensors main data.

Abbreviation Type of sensor Accuracy*

T1** PT 100 Class A ±0.2 ◦C
T2 PT 100 Class A ±0.2 ◦C
vsat saturated water vapour
ooling cycles but they do not represent typical inlet air conditions
f heat exchangers for energy recovery in buildings.

Several authors [17–19] provided simplified effectiveness cor-
elations of enthalpy wheels, obtained from numerical results of
detailed component models, instead of directly from experimental
data. Stiesch [17] proposed sensible and total effectiveness corre-
lations as a function of temperature, number of transfer units, and
dimensionless revolution speed, considering balanced flows and
constant exhaust air temperature. Simonson and Besant [18] devel-
oped complex correlations of sensible and latent effectiveness, in
particular they considered the effect of the adsorption isotherm,
the ratio of latent to sensible heat exchanged, the average temper-
ature and the average relative humidity. Finally Jeong and Mumma
[19] developed effectiveness correlations as a function of inlet air
temperature, relative humidity, and face velocity, providing two
equations that require several coefficients.

All in all there is a lack of correlations that can be easily adopted
in yearly basis energy simulation tools, in order to predict sensible
and latent effectiveness and pressure drop of enthalpy wheels. In
this work two different enthalpy wheels, that represent the state
of the art in the field, are experimentally tested and practical equa-
tions to predict their performance are proposed.

2. Experimental methodology

2.1. Experimental setup

The facility is designed to provide two air streams at accurate
controlled conditions of temperature, humidity and flow. The two
air streams, denoted as the supply air and the exhaust air, feed
the enthalpy wheel in a counter current arrangement. A schematic
representation of the experimental setup is shown in Fig. 2.

Temperature and humidity are properly controlled through
heating coils, cooling coils and evaporative coolers, in order to
reach most typical working conditions of enthalpy wheels in HVAC
systems. The supply air stream unit is equipped with additional
electrical heaters to adjust flow temperature up to 120 ◦C (in recir-
culation mode) for desiccant wheels tests. The enthalpy wheel
casing is divided in four equal partitions in each side. Each stream
enters and leaves the wheel through two partitions connected with
two parallel flexible ducts. Temperature and relative humidity of
each air stream are measured at the inlet (in one point) and outlet
(in two points) of the wheel through sensors located in the cross
section of the duct. As reported in Fig. 2 and in Table 1, temperature
is measured by RTD PT100 sensors, relative humidity by capacitive
sensors and pressure by piezoelectric transmitters.

Volumetric flow rates are set by variable speed fans and are
measured across an orifice plate. Each air stream flows in two differ-
ent parallel ducts and pressure drop is measured across the orifice
plate. Each duct can be excluded in case of low volumetric air flow
tests to limit measurement uncertainty. Orifice plates and ducts
apparatus are constructed according to DIN EN ISO 5167-2 stan-
dards [20]. Maximum supply air flow rate is 2000 m3 h−1 while
maximum exhaust air flow rate is 1400 m3 h−1. Maximum volume
flow rates achievable on the two air handling units are different
RH** Capacitive ±1% (between 0 and 90%)
P Piezoelectric ±0.5% of reading ±1 Pa

* At T = 20 ◦C.
** Temperature and relative humidity probe.
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Fig. 1. Enthalpy wheels, tested in the present work, made of silica g

Enthalpy wheel revolution speed is controlled through an AC
nverter motor in the range between 1 and 11 rev min−1.

All calibrated sensors and actuators are connected to a National
nstruments Compact Rio acquisition and control system, and con-
rolled via Labview.

.2. Experimental procedure
Each test is carried out in steady state conditions and in
ach session at least 300 samples of every physical quantity are
egistered (with a frequency of 1 Hz). Data are processed for out-

Fig. 2. Test rig scheme an
1, left) and calcium carbonate (EW2, right) on aluminium substrate.

liers elimination and, subsequently, representative values for each
working point are obtained as average of the remaining values.

At the end of each test the following quantities are calculated:

Q̇S,sa = ṁsacpsa

(
Tsa,in − Tsa,out

)
(1)

Q̇S,ea = ṁeacpea

(
Tea,out − Tea,in

)
(2)
Q̇L,sa = ṁsa�
(

Xsa,in − Xsa,out

)
(3)

Q̇L,ea = ṁea�
(

Xea,out − Xea,in

)
(4)

d instrumentation.
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formed for each enthalpy wheel. Also in this case, after outliers
elimination, pressure drop of each working point has been calcu-
lated as the average of the measured values and its uncertainty
through Eq. (9).
Fig. 3. EW1: Sensible and latent effectiveness against revolution speed.

Performance of each enthalpy wheel is determined through sen-
ible and latent effectiveness, defined as:

S =
(

Q̇S,sa + Q̇S,ea

)
/2

Q̇S,max
=

(
ṁsacpsa

(
Tsa,in − Tsa,out

)
+ ṁeacpea

(
Tea,o

2(ṁcp)min

(
Tsa,in − Tea,in

)
nd:

L =
(

Q̇L,sa + Q̇L,ea

)
/2

Q̇L,max
=

(
ṁsa�

(
Xsa,in − Xsa,out

)
+ ṁea�

(
Xea,out − X

2(ṁ�)min

(
Xsa,in − Xea,in

)
here Tsa,out, Tea,out, Xsa,out and Xea,out are the average values of

emperature and humidity ratio based on the physical quantities
ollected by the two sensors installed, respectively, at the supply
ir stream outlet and at the exhaust air stream outlet. While the
emperature is directly measured, the humidity ratio is calculated
rom the measured values of temperature and relative humidity in
he following way:

a = 0.622
pvsat ϕa

ptot,a − pvsat ϕa
(7)

here ptot,a is the atmospheric air pressure, assumed constant and
qual to 101,325 Pa, ϕa is the air relative humidity and pvsat is the
ater vapour saturation pressure calculated with the following

orrelation:

vsat = e23.196−(3816.44/(Ta+273.13)−46.13) (8)

The water latent heat of vaporization � is assumed constant and
qual to 2501 × 103 J kg−1.

The mass flow rate of each air stream is calculated through
ppropriate correlations involving temperature, relative humidity
nd pressure drop across each orifice plate installed in the ducts
20]. Therefore it is ṁsa = ṁsa

(
Tsa,op, ϕsa,op, �psa,op,D1, �psa,op,D2

)
nd ṁea = ṁea

(
Tea,op, ϕea,op, �pea,op,D1, �pea,op,D2

)
.

The uncertainty of both calculated effectiveness, reported from
igs. 3–6, is estimated in accordance with the law of propaga-
ion of error [21,22]. Therefore sensible and latent effectiveness
re both function of several measured quantities xi, namely: Tsa,in,
sa,in, Tsa,out, ϕsa,out, Tea,in, ϕea,in, Tea,out, ϕea,out, Tsa,op, ϕsa,op, �psa,op,D1,
psa,op,D2, Tea,op, ϕea,op, �pea,op,D1 and �pea,op,D2.
The experimental uncertainty uxi of each monitored variable xi
s:

xi
= ±

√
u2

xi,inst
+

(
t95 �x̄i

)2
(9)
ea,in

))
(5)

))
(6)

Fig. 4. EW2: Sensible and latent effectiveness against revolution speed.

where uxi,inst is the instrument uncertainty of the generic measured
parameter, t95 is the student test multiplier at 95% confidence and
�x̄i

is the standard deviation of the mean.
The combined uncertainty of sensible or latent effectiveness uε

is calculated as:

uε =

√√√√
i

∂ε

∂xi

uxi,inst

2

+ t2
95

i

∂ε

∂xi

�x̄i

2

(10)

Pressure drop has been measured through a specific test per-
Fig. 5. EW1: Sensible and latent effectiveness against exhaust air to supply air mass
flow ratio.
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ig. 6. EW2: Sensible and latent effectiveness against exhaust air to supply air mass
ow ratio.

. Experimental performance

.1. Enthalpy wheel description and tests arrangement

In this work two different enthalpy wheels, denoted, respec-
ively, with EW1 and EW2, are tested. They are both made of
luminium coated with an adsorbent material: silica gel for EW1
nd calcium carbonate for EW2. Cross section area of both wheels
s divided in two equal parts: the former for the supply air stream
nd the latter for exhaust air stream. In both cases no purge sector
s adopted. Main features of EW1 and EW2 are provided in Table 2.

Several tests have been performed in different working condi-
ions, in particular varying inlet air temperature, humidity and the
ow rate of each stream, as reported in Table 3. It is pointed out
hat in all tests there is no vapour condensation or frost formation
long enthalpy wheels channels.

.2. Sensible and latent effectiveness

In Figs. 3 and 4 sensible and latent effectiveness of, respectively,
W1 and EW2 are reported, as a function of the revolution speed.
ll the tests are performed with balanced flows and air face velocity
round 2.4 m s−1. Some preliminary considerations can be outlined:

The higher the revolution speed, the higher the sensible and latent
effectiveness and the higher the air stream mixing due to a larger
amount of air trapped in the wheel channels. Effectiveness curve
slope is particularly sharp at low revolution speed and becomes
almost flat when N is higher than 10 rev min−1, as clearly con-
firmed in literature [7,9,23]. Therefore the optimal revolution
speed should be higher than 10 rev min−1 and, at the same time,
as low as possible to reduce air mixing. In this work it is assumed
an optimal revolution speed N = 11 rev min−1, corresponding to
an air mixing of around 2% with a face velocity of 2.4 m s−1.
In correspondence of N = 11 rev min−1, sensible effectiveness of
EW1 and of EW2 are almost equal (εS ≈ 0.78). This result is con-
sistent with the fact that enthalpy wheels are made of the same
supporting material, with similar geometry and heat capacity. In
these working conditions sensible effectiveness is almost inde-
pendent of inlet air stream temperatures.
Latent effectiveness increases with revolution speed as described

for the sensible effectiveness. Latent effectiveness of EW1 is much
higher than the one of EW2, mostly due to the higher quantity of
adsorbent materials and its different properties.
Fig. 7. EW1 and EW2: pressure drop against face air velocity.

- At nominal rotational speed N = 11 rev min−1, depending on test
conditions, latent effectiveness of EW1 is between 0.68 and 0.78
while the one of EW2 is between 0.40 and 0.60.

In Figs. 5 and 6 sensible and latent effectiveness of both enthalpy
wheels are reported for unbalanced air flows. When the face veloc-
ity of one of the air stream decreases, effectiveness increases
because the ratio between the heat exchanger area and the air
flow becomes higher. This effect should be properly taken into
account in real applications, where the exhaust air stream can be
lower than the supply air one, in order to keep a slightly higher
pressure in the building and minimize air infiltration through the
envelope. It is possible to state that the lower the face velocity, the
higher the effectiveness of the heat exchanger. Instead the lowest
value of effectiveness is reached in case of balanced air flows and
high face velocity. Typically air velocity at enthalpy wheel face is
around 2.5 m s−1, with minimum and maximum values in the range
between 1.5 and 3.5 m s−1. Lower values would lead to extremely
large device size, while higher velocities would bring about poor
performance and detrimental pressure drops.

It should be put in evidence that sensible effectiveness is almost
independent of air temperature and humidity while latent effec-
tiveness is influenced by inlet air conditions. In fact in this case
performance depends on air conditions because vapour adsorption
and desorption process is related to air temperature and humid-
ity profile across the wheel channels. In particular the slope of
the adsorption isotherm influences the water vapour mass transfer
between the air streams and the wheel matrix. At nominal rev-
olution speed and balanced air flows, the latent effectiveness of
EW1 varies slightly with inlet air conditions, probably due to the
adsorption isotherm slope of silica gel that can be assumed almost
constant in a wide range of relative humidity and temperature.
Instead, the latent effectiveness of EW2 turns out to depend on
inlet conditions: this behaviour may be induced by the particular
adsorption isotherm slope of the EW2 coating, which is unknown
and has not been investigated in the present work. In particular, as
reported in results of test H of EW2, it is shown that the lower the
air average temperature, the higher the latent effectiveness.

3.3. Pressure drop

In Fig. 7 pressure drop is reported as a function of face air veloc-

ity. In both EW1 and EW2 pressure drop is almost linear with the
air flow, as laminar pressure drops across the channel are dominant
compared to local pressure loss due to channel entrance (enthalpy



Table 2
Enthalpy wheels technical data.

Enthalpy wheel Matrix material Adsorption material ac [mm] bc [mm] DEW,o [m] DEW,h [m] L [m] AEW,sa or AEW,ea [m2] Purge sector

EW1 Aluminum Silica gel 1.7 3.2 0.6 0.08 0.2 0.1388 None
EW2 Aluminum Calcium carbonate 1.7 3.2 0.6 0.08 0.2 0.1388 None

Table 3
Tests conditions.

Test Enthalpy Wheel ṁea [kg s−1] Tea,in [◦C] Xea,in [g kg−1] ṁsa [kg s−1] Tsa,in [◦C] Xea,in [g kg−1] N [rev min−1]

A EW1 0.413 24.0 8.7 0.405 29.6 14.4 1–11
B EW1 0.412 26.0 9.8 0.394 36.8 17.8 1–11
C EW2 0.419 23.9 9.4 0.407 29.8 13.7 1–11
D EW2 0.418 26.1 10.8 0.408 36.8 18.2 1–11
E EW1 0.241–0.410 25.8 10.7 0.411 30.1 12.4 11
F EW1 0.232–0.393 25.4 11.9 0.352 37.7 17.3 11
G EW2 0.240–0.411 25.6 10.5 0.404 33.0 12.5 11
H EW2 0.252–0.412 14.2 6.7 0.423 24.4 10.9 11
I EW1 0.235–0.416 10.0–23.0 5.0–12.0 0.239–0.401 25.0–33.7 12.0–15.0 11
L EW2 0.241–0.408 13.2–20.1 6.0–11.0 0.233–0.421 22.0–41.4 10.9–24.2 11
M EW1 0.182–0.428 19.6 5.4 – – – 11
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Calculated and experimental sensible effectiveness are reported
in Fig. 8. Relative errors between predicted and measured values of
N EW2 0.185–0.444 20.0 5.5

heel inlet section) and sudden expansion (outlet section). Test
onditions are summarized in Table 3.

. Practical correlations

.1. Common considerations

In relation to the experimental results reported above, practical
orrelations to predict sensible effectiveness, latent effectiveness
nd pressure drop have been developed.

Both effectiveness correlations are expressed as a function
f face velocity instead of air mass flow rate. In this way the
quations can be easily adapted for heat exchangers of different
iameters. Correlations are developed at reference wheel revolu-
ion speed of N = 11 rev min−1. Effects of different rotational speed
re not taken into account because of limited interest in HVAC

pplications. Sensible and latent effectiveness are based on
ests from A to L (neglecting cases with N < 11 rev min−1) and
ressure drop correlations are determined from test M and N
Table 3).

All the coefficients C and exponents n used in the cor-
elations are summarized in Table 4 for both enthalpy
heels. They have been calculated through an appropriate
umeric tool, minimizing the root mean squared deviation
etween the correlation results and the actual values based on
easurements.

.2. Sensible effectiveness correlation

Sensible effectiveness correlations have been developed adopt-
ng the formulation proposed by Kays and London [16], properly

odified in order to be function of inlet air velocity instead of the

R = (ṁ cp)min

(ṁ cp)max
=

(
va,in A�a,in(
va,in A�a,in
ir flow rate. In particular the original formula has been modified
ssuming constant specific heat of wet air and, therefore, consid-
ring that NTU = UA/(ṁ cp)min = C/(va,in �a,in)min, where C is the
eneric correlation parameter.
– – – 11

In this work equation parameters are not directly calculated
from actual wheel data but they are determined by performing
a fitting on experimental tests (50 tests for EW1 and 43 tests for
EW2), as already reported in Section 4.1. According to [16], sensible
effectiveness is calculated as follows:

εS = εS,0 ˛S (11)

where:

εS,0 = 1 − e(C1/(va,in�a,in) min)(R−1)

1 − R e(C1/(va,in�a,in) min)(R−1)
(12)

˛S = 1 − 1

C2
(

C3/(va,in�a,in)min

)n1
(13)

where R is the ratio between the minimum and maximum values
of inlet air velocity times inlet air density:

in =
(
va,in �a,in

)
min( ) =

min
(
vsa,in �sa,in; vea,in �ea,in

)
( ) (14)
Fig. 8. EW1 and EW2: Calculated and experimental sensible effectiveness.



Table 4
Parameters used in the correlations.

Enthalpy
wheel

Sensible effectiveness Latent effectiveness Pressure drop

C1 C2 C3 n1 C4 C5 C6 n2 C7 C8 n3 C9 C10

EW1 7.133 8.45 8.34 9 5.476 9 7.626 1.93 0 1 0 219000 1.93
EW2 40.528 8.138 1.998 1.15 7.36 4.15 0.759 0.65 0.22 1/28 −3.82 221000 2.86

Table 5
Reference high and low values of test conditions used to determine the correlations.

Sensible and latent effectiveness Pressure Drop

Enthalpy wheel vea,in [m s−1] Tea,in [◦C] Xea,in [g kg−1] vsa,in [m s−1] Tsa,in [◦C] Xea,in [g kg−1] N [rev min−1] va,in [m s−1]

.5

.5

E
o

T
w
c
a

4

s
t
E
T

ε

w

ε

˛

e
o
a
N
t
b
i
o

ˇ

T

t
e
t
e

-

�pd = C9 �a,in �a,inva,in (20)

�pl = C10 �a,inv2
a,in (21)
EW1 1.2–2.5 10.0–26.0 5.0–12.0 1.2–2
EW2 1.2–2.5 13.2–26.1 6.0–11.0 1.2–2

W1 and EW2 are within ±10%, respectively, in 100% and in 97.7%
f the analyzed cases.

Both proposed correlations are valid in the range reported in
able 5. Anyway, as shown in Section 3.2, they are expected to
ork properly also in a wider range of working conditions typi-

al of HVAC systems, such as during winter time characterized by
lower supply air temperature.

.3. Latent effectiveness correlation

Latent effectiveness correlation has the same formulation of the
ensible one, except for an additional term ˇL. In this case correla-
ion parameters are calculated by fitting 50 experimental data for
W1 and 35 for EW2, minimizing the root mean square deviation.
he latent effectiveness is:

L = εL,0 ˛L ˇL (15)

here:

L,0 = 1 − e(C4/(va,in �a,in) min)(R−1)

1 − R e(C4/(va,in �a,in) min)(R−1)
(16)

L = 1 − 1

C5
(

C6/
(
va,in �a,in

)
min

)n2
(17)

An additional term ˇL is added in order to take into account the
ffect of inlet air conditions on the latent effectiveness, as previ-
usly explained in Section 3.2. Simonson and Besant [18] proposed
complex correlation that depends on many parameters, such as
TU, air temperature, relative humidity, revolution speed, matrix

hermal capacity, adsorption isotherm slope and maximum sensi-
le and latent exchangeable heat. The term ˇL proposed in this work

s a simplified form of the aforementioned correlation including
nly the dependence on the average temperature:

L = 1 + C7(C8 Tave)n3 (18)

Where the average temperature is:

ave = ṁsa cpsa Tsa,in + ṁea cpea Tea,in

ṁsa cpsa + ṁea cpea
(19)

According to experimental data analysis, the dependence of
he latent effectiveness on humidity has been neglected for both
nthalpy wheels and the dependence of latent effectiveness on
emperature has been neglected only for EW1. It should be put in

vidence that:

If the term ˇL is introduced in the latent effectiveness correlation
of EW1 and appropriate coefficients and exponents are evaluated,
25.0–37.7 12.0–17.8 11 1.6–3.8
22.0–41.4 10.9–24.2 11 1.6–3.8

the root mean square deviation decreases only by 1%. Therefore
in this case the term ˇL has not been adopted.

- If the term ˇL is not used in the evaluation of the latent effective-
ness correlation of EW2, the root mean square deviation increases
by 40%.

- The use of an additional term taking into account the effect of
average humidity has been evaluated, carrying out to an insignif-
icant reduction of the root mean square deviation.

Comparison between calculated and experimental latent effec-
tiveness is shown in Fig. 9. Relative errors are within ±10%,
respectively, in 83.7% and 61.2% of the analyzed cases of EW1 and
EW2.

Validity ranges of latent effectiveness are reported in Table 5.
While the correlation of EW1 is reasonably valid slightly outside
this range, the correlation of EW2 is strongly influenced by the term
ˇL, which depends on the wheel average temperature. In particular
attention should be paid if Tave is lower than 16.5 ◦C. In order to
avoid wrong calculation, if the product ˛L ˇL is higher than 1 it
should be assumed equal to 1, and it becomes εL = εL,0.

4.4. Pressure drop correlation

Distributed and local pressure drop across the enthalpy wheel
are evaluated in the following way:
Fig. 9. EW1 and EW2: Calculated and experimental latent effectiveness.
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Fig. 10. EW1 and EW2: Calculated and experimental pressure drop.

The total pressure drop is therefore:

ptot = �pd + �pl (22)

The coefficients C9 and C10, reported in Table 4, have been deter-
ined fitting experimental data and considering during tests of

oth wheels an average density �a,in = 1.2 kg m−3 and an average
inematic viscosity �a,in = 16 × 10−5 m2 s−1.

In Fig. 10 comparison between calculated and experimental data
s shown. For EW1 the relative difference is always within ±1.6%
nd for EW2 it is within ±2.5%.

. Conclusions

In this work two different enthalpy wheels have been tested
nd main experimental results are reported with calculated level
f uncertainty. Both rotary heat exchangers are made of aluminium
oated with an adsorbent material: silica gel in the first case and
alcium carbonate in the second one. Both wheels show similar
ensible effectiveness and pressure drop, but the silica gel based
evice appears to be more effective for latent heat recovery.

Practical correlations to predict sensible effectiveness, latent
ffectiveness and pressure drop are developed for both enthalpy
heels. These correlations are able to predict the performance of

he two rotary heat exchangers properly and owing to their simple
ormulation, they might be particularly suitable for energy simula-
ion tools for building—HVAC systems.
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